Introduction {#sec1-1}
============

Acute coronary syndrome (ACS) is a significant cause of morbidity and mortality in patients with coronary heart diseases in occidental countries. It is important to identify high-risk patients and to determine who will be treated immediately in ACS. About 40% of patients with an acute myocardial infarction (AMI) develop left ventricular systolic dysfunction (LVSD), whether or not there are signs of heart failure (HF) ([@ref1]). Patients with HF and LVSD have a higher risk of adverse events than patients without LVSD or HF after AMI ([@ref2], [@ref3]). Additionally, previous studies demonstrated that elevated peripheral blood platelet count is associated with major adverse cardiovascular outcomes ([@ref4]-[@ref7]). On the contrary, a low peripheral blood lymphocyte count is related with major adverse cardiovascular outcomes ([@ref8]-[@ref12]). Therefore, a higher platelet-to-lymphocyte ratio (PLR) has emerged as a significant independent predictor of long-term survival in patients who present with non-ST elevation myocardial infarction (NSTEMI) ([@ref13]). In this present study, we aimed to investigate the predictive value of PLR for left ventricular systolic dysfunction in patients with non-ST-elevated acute coronary syndrome (NST-ACS).

Methods {#sec1-2}
=======

Study design {#sec2-1}
------------

The present study was a retrospective study.

Study population {#sec2-2}
----------------

Records of patients with ACS, defined as unstable angina (UA) and NSTEMI, who were admitted to the coronary care unit of our department of cardiology in 18 Mart University, Faculty of Medicine between January 2011 and June 2012 were evaluated retrospectively. Patients with clinical evidence of cancer, active infection, hematological proliferative diseases, active or chronic inflammatory or autoimmune diseases, recent blood transfusion, severe hepatic diseases, and renal failure were excluded from this study. There were 35 patients excluded from the final analysis, 17 patients without WBC data, 14 patients with active infection, and 4 patients with a recent blood transfusion. Therefore, a total of 220 patients who were diagnosed with NST-ACS were included in the analysis in this study. The study protocol was approved by the local ethics committee of our hospital.

Study protocol {#sec2-3}
--------------

The study population was divided into tertiles based on admission PLR values. A high PLR group (n=73) was defined as having values in the third tertile (\>135.6), and a low PLR group (n=147) was defined as having values in the lower 2 tertiles (≤135.6). Complete blood counts and biochemical values were evaluated retrospectively from blood samples obtained by ante- cubital vein puncture upon admission to the emergency department. Transthoracic echocardiography was performed on each patient immediately in the coronary care unit. Angiographic data of the patients were evaluated from catheter laboratory records.

Study variables {#sec2-4}
---------------

UA was diagnosed according to the following criteria: typical chest pain and/or electrocardiographic changes indicating myocardial ischemia with negative cardiac enzymes. An NSTEMI diagnosis was based on elevated cardiac enzymes with typical chest pain and/or electrocardiographic changes suggestive of myocardial ischemia. Typical chest pain was evaluated as follows: more than 20 minutes (min) in duration, new-onset angina, and an increase in its frequency and duration or severity. Demographic information, cardiovascular history, and risk factors, including smoking, hypertension (HT), and diabetes mellitus (DM), of patients were obtained from the medical records. Patients who had been treated with antihypertensive drugs or those whose baseline blood pressure exceeded 140/90 mm Hg were diagnosed with HT. DM was defined as fasting blood sugar of more than 126 mg/dL or the use of anti-diabetic medications. LVSD defined as ejection fraction ≤40%, measured by transthoracic echocardiography on first admission to coronary care unit.

Analysis of blood samples {#sec2-5}
-------------------------

Hematologic indices were evaluated from the CBC analysis performed with the Beckman Coulter LH 780 (Beckman Coulter Ireland Inc. Mervue, Galway, Ireland) in the hematology laboratory of our institution for all patients. Other biochemical measurements were determined by standard laboratory methods.

Echocardiography {#sec2-6}
----------------

All measurements were performed using a commercially available machine (Vivid 7®, GE Vingmed Ultrasound A/S, Horten, Norway) with a 3.5-MHz transducer for all patients. Simpson's method was used to assess left ventricular ejection fraction (LVEF), as recommended by the American Society of Echocardiography ([@ref14]).

Coronary angiography {#sec2-7}
--------------------

All patients underwent a coronary angiography by the femoral approach using the standard Judkins technique. Iopromide, as a contrast agent (Ultravist-370, Bayer Schering Pharma, Germany), and a 6-F diagnostic catheter were used in all subjects. Diameter stenosis ≥70% with quantitative angiography was accepted as significant.

Statistical analysis {#sec2-8}
--------------------

All statistical studies were carried out with the SPSS program (version 15.0, SPSS, Chicago, IL, USA). Quantitative variables were expressed as the mean value±standard deviation or median (interquartile range), and qualitative variables were expressed as percentages (%). Kolmogorov-Smirnov or Shapiro- Wilk test was done to determine normal distribution. A comparison of parametric values between the 2 groups was performed using the student t- or Mann-Whitney U test. Categorical variables were compared by the chi-square test or Fisher exact test. Spearman correlation analysis was used for the relation between PLR and LVEF. A backward conditional binary logistic regression analysis that included variables with p\<.1 was performed to identify independent predictors of LVSD. Age ≥65, male gender, DM, heart rate ≥70, 2\< vessels, NSTEMI, neutro- phil-to-lymphocyte ratio (NLR), and PLR \>135.6 were entered into the model. A p value \<0.05 was considered statistically significant.

Results {#sec1-3}
=======

A total of 220 patients (162 men and 58 women) were enrolled in this present study. No significant differences were found between the low and high PLR groups regarding sex, heart rate, HT, DM, BMI, culprit lesion, and previous percutaneous coronary intervention (PCI). [Table 1](#T1){ref-type="table"} demonstrates the baseline characteristics of the PLR groups. The patients in the high PLR group were older (66.1±11.3 vs. 59.7±11.9, p\<0.001), had a lower rate of current smokers (27.4% vs. 43.5%, p=0.020), and had a higher rate of previous myocardial infarction (MI) and NSTEMI (15.1%, 6.8%, p=0.046, 69.9% vs. 52.4%, p=0.013, respectively). There were significantly more coronary arteries narrowed (1 and 3 vessels coronary arteries narrowed, p=0.001) and a lower LVEF \[45 (25-65), 55 (25-65), p\<0.001\] in the high PLR group ([Table 1](#T1){ref-type="table"}).

###### 

The baseline characteristics of patients with low and high PLR

  Variable                                      Low PLR (≤135.6) n=147                        High PLR (\>135.6) n=73   *P*[\*](#t1f1){ref-type="table-fn"}
  --------------------------------------------- --------------------------------------------- ------------------------- -------------------------------------
  Gender, M/F                                   110/37                                        52/21                     0.569
  Age, years                                    59.7±11.9                                     66.1±11.3                 0.001
  Heart rate, beats per minute                  78 (46-115)                                   80 (50-128)               0.128
  Hypertension, % (n)                           53.7 (79)                                     53.4 (39)                 0.965
  Diabetes mellitus, % (n)                      27.9 (41)                                     30.1 (22)                 0.729
  Current smoker, % (n)                         43.5 (64)                                     27.4 (20)                 0.020
  BMI, kg/m^2^                                  27.2 (17.3-42.5)                              27.7 (15.9-37.1)          0.243
  Previous MI, % (n)                            6.8 (10)                                      15.1 (11)                 0.046
  Previous PCI, % (n)                           10.9 (16)                                     17.8 (13)                 0.153
  NSTEMI, % (n)                                 52.4 (77)                                     69.9 (51)                 0.013
  Number of coronary arteries narrowed, % (n)                                                                           0.001
   1                                            40.1 (59)[\*\*](#t1f2){ref-type="table-fn"}   23.3 (17)                 
   2                                            36.7 (54)                                     28.8 (21)                 
   3                                            23.1 (34)[\*\*](#t1f2){ref-type="table-fn"}   47.9 (35)                 
  Culprit lesion, % (n)                                                                                                 0.357
   LAD                                          40.1 (59)                                     49.3 (36)                 
   Cx                                           36.1 (53)                                     27.4 (20)                 
   RCA                                          23.6 (35)                                     23.3 (17)                 
  LV EF (%)                                     55 (25-65)                                    45 (25-65)                0.001

BMI - body mass index; Cx - circumflex; LAD - left anterior descending; LVEF - left ventricular ejection fraction; MI - myocardial infarction; NSTEMI - non-ST elevation myocardial infarction; PCI - percutaneous coronary intervention; RCA - right coronary artery;

, Mann-Whitney U or student's t-test for continuous variables and chi-square test for categorical variables;

; P\<0.05 between two groups. p values in bold are significant

Baseline triglyceride \[97 (35-360) vs. 120 (32-1950), p=0.009\] and lymphocyte \[1.4 (0.5-2.2) vs. 2.6 (0.8-12.2), p\<0.001\] levels were significantly lower, and platelet (282.4±63.1 vs. 228.2±60.3, p\<0.001) levels and neutrophil-to-lymphocyte ratio (NLR) \[4.18 (1.01-13.03), 2.67 (0.89-7.4), p\<0.001\] were significantly higher in the high PLR group ([Table 2](#T2){ref-type="table"}).

###### 

Patients' laboratory findings

  Variable                  Low PLR (≥135.6) n=147   High PLR (\>135.6) n=73   *P*[\*](#t2f1){ref-type="table-fn"}
  ------------------------- ------------------------ ------------------------- -------------------------------------
  T cholesterol, mg/dL      194 (98-445)             186 (109-370)             0.456
  LDL, mg/dL                120 (110-186)            121 (46-312)              0.585
  HDL, mg/dL                40(30-98)                40 (21-88)                0.930
  Triglyceride, mg/dL       120 (32-1950)            97 (35-360)               0.009
  Hb, gr/dL                 12.8±1.5                 12.4±1.6                  0.063
  MPV                       8.77±0.99                8.51 ±0.90                0.059
  MCV, fL                   88.8 (14.8-107.1)        88.1 (66.1-109.2)         0.276
  PLT, 10^3^/mm^3^          228.2±60.3               282.4±63.1                0.001
  WBC, 10^3^/mm^3^          9.4 (3.8-19.0)           9.0 (4.0-15.4)            0.342
  Neutrophil, 10^3^/mm^3^   5.6 (2.6-15.5)           6.2 (1.3-13.0)            0.059
  Lymphocyte, 10^3^/mm^3^   2.6 (0.8-12.2)           1.4 (0.5-2.2)             0.001
  NLR                       2.67 (0.89-7.4)          4.18 (1.01-13.03)         0.001
  PLR                       89.0 (20.7-135.5)        186.2 (135.7-724.3)       0.001

Hb - hemoglobin; HDL - high-density lipoprotein; MPV - mean platelet volume; MCV - mean corpuscular volume; NLR - neutrophil-lymphocyte ratio; LDL - low-density lipoprotein; PLT - platelet; PLR - platelet-lymphocyte ratio; WBC - white blood cell;

, Mann-Whitney U or student's t-test. p values in bold are significant

[Table 3](#T3){ref-type="table"} demonstrates the baseline demographic and laboratory parameters of patients with and without LVSD. Patients with LVSD were older (67.2±11.5 vs. 60.3±11.8, p\<0.001), had a significantly higher heart rate \[81 (50-126) vs. 78 (44-115), p=0.028\], and had a higher rate of previous MI and NSTEMI (20%, 6.5%, p=0.004, 80% vs. 51.8%, p\<0.001, respectively). Platelet and neutrophil levels and NLR were significantly higher \[288.1±57.5 vs. 233.9±63.7, p\<0.001, 6.6 (1.3-12.0) vs. 5.7 (2.6-15.5), p=0.043, 3.63 (1.68-10.75), 2.57 (0.89-13.03), p\<0.001, respectively\], lymphocyte levels were significantly lower \[1.7 (0.5-3.9) vs. 2.2 (0.7-12.2), p=0.001\], and PLR was significantly increased \[164.2 (66.3-724.3) vs. 101.5 (20.7-334.4), p\<0.001\] in patients with LVSD. PLR was negatively correlated with LVEF in the correlation analysis (r=- 0.400, p\<0.001). The relationship between LVEF and PLR in NST- ACS patients is demonstrated in [Figure 1](#F1){ref-type="fig"}.

###### 

Comparison of patients with and without left ventricular systolic dysfunction

  Variable                               EF≤40% (n=50)        EF \>40% (n=170)     *P*[\*](#t3f1){ref-type="table-fn"}
  -------------------------------------- -------------------- -------------------- -------------------------------------
  Male (M/F)                             35/15                127/43               0.507
  Age, years                             67.2±11.5            60.3±11.8            0.001
  Heart rate, bmp                        81 (50-126)          78 (44-115)          0.028
  Hypertension, % (n)                    46.0 (23)            55.9 (95)            0.218
  Diabetes mellitus, % (n)               38.0 (19)            25.9 (44)            0.096
  Current smoker, % (n)                  30.0 (15)            40.6 (69)            0.176
  T cholesterol, mg/dL                   190 (109-445)        193 (98-441)         0.518
  LDL, mg/dL                             120 (46-224)         120 (110-312)        0.789
  Triglyceride, mg/dL                    103 (41-1450)        116 (32-673)         0.114
  HDL, mg/dL                             38 (28-98)           40 (30-83)           0.850
  PLT, 10^3^/mm^3^                       288.1±57.5           233.9±63.7           0.001
  MCV, fL                                88.3 (64.0-109.2)    89.6 (64.8-104.4)    0.581
  MPV                                    8.8±1.0              8.6±0.9              0.178
  Hb                                     12.4± 1.6            12.7±1.5             0.295
  WBC                                    9.9 (5.0-15.9)       9.1 (3.8-19.0)       0.098
  Neutrophil (10^3^/mm^3^)               6.6 (1.3-12.0)       5.7 (2.6-15.5)       0.043
  Lymphocyte (10^3^/mm^3^)               1.7 (0.5-3.9)        2.2 (0.7-12.2)       0.001
  NLR                                    3.63 (1.68-10.75)    2.57 (0.89-13.03)    0.001
  LVEF (%)                               35 (25-40)           55 (44-65)           0.001
  NSTEMI, % (n)                          80.0 (40)            51.8 (88)            0.001
  Previous MI, % (n)                     6.5 (11)             20.0 (10)            0.004
  Number of coronary arteries narrowed                                             0.065
  1                                      24.0 (12)            37.6 (64)            
  2                                      32.0 (16)            34.7 (59)            
  3                                      44.0 (22)            27.6 (47)            
  Culprit lesion                                                                   0.287
  LAD                                    50.0 (25)            41.2 (70)            
  Cx                                     24.0 (12)            35.9 (61)            
  RCA                                    26.0 (13)            22.9 (39)            
  PLR                                    164.2 (66.3-724.3)   101.5 (20.7-334.4)   0.001

bmp - beats per minute; Cx - circumflex; Hb - hemoglobin; HDL - high-density lipoprotein; MPV - mean platelet volume; MCV - mean corpuscular volume; LAD - left anterior descending; LDL - low-density lipoprotein; LVEF - left ventricular ejection fraction; MI - myocardial infarction; NLR - neutrophil-lymphocyte ratio; NSTEMI - non- ST elevation myocardial infarction; PLT - platelet; PLR - platelet-lymphocyte ratio; RCA - right coronary artery; WBC - white blood cell;

Mann-Whitney U or student's t-test for continuous variables and chi-square test for categorical variables. p values in bold are significant

![Relationship between left ventricular ejection fraction (EF) and platelet-lymphocyte ratio (PLR) in non-ST elevated acute coronary syndrome (NST-ACS) patients](AJC-15-385-g001){#F1}

Independent predictors of systolic dysfunction were determined by backward stepwise multivariate logistic regression. Age ≥65, NSTEMI, previous MI, NLR, and PLR \>135.6 were found to be associated with systolic dysfunction ([Table 4](#T4){ref-type="table"}). PLR \>135.6, age ≥65, and previous MI and NSTEMI were found to be independent predictors of systolic dysfunction in the multivariate analyses (β: 2.88, 95% CI: 1.39-5.95, p=0.004; β: 2.45, 95% CI: 1.17-5.11, p=0.017; β: 0.20, 95% CI: 0.07-0.60, p=0.004; β: 4.18, 95% CI: 1.77-9.87, p=0.001; respectively, [Table 5](#T5){ref-type="table"}).

###### 

Univariate analysis for risk factors of left ventricular systolic dysfunction

  Variable         β (95% CI)              *P*
  ---------------- ----------------------- -------
  DM               0.57 (0.29-1.10)        0.098
  Male             1.26 (0.63-2.54)        0.507
  Heart rate ≥70   1.76 (0.82-3.79)        0.147
  2≤ vessels       1.91 (0.93-3.92)        0.077
  Age ≥65 years    2.84 (1.46-5.50)        0.002
  NLR              1.31 (1.13-1.51)        0.001
  High PLR         4.43 (2.28-8.590.438)   0.001
  NSTEMI           3.72 (1.75-7.93)        0.001
  Previous MI      0.27 (0.11-0.69)        0.006

CI - confidence interval; DM - diabetes mellitus; HR - hazard ratio; MI - myocardial infarction; NLR - neutrophil-lymphocyte ratio; NSTEMI - non-ST elevation myocardial infarction; PLR - platelet-lymphocyte ratio. p values in bold are significant

###### 

Multivariate analysis for risk factors of left ventricular systolic dysfunction

  Variable        β (95% CI)         *P*
  --------------- ------------------ -------
  Age ≥65 years   2.45 (1.17-5.11)   0.017
  High PLR        2.88 (1.39-5.95)   0.004
  NSTEMI          4.18 (1.77-9.87)   0.001
  Previous MI     0.20 (0.07-0.60)   0.004

CI - confidence interval; HR - hazard ratio; MI - myocardial infarction; NSTEMI - non- ST elevation myocardial infarction; PLR - platelet-lymphocyte ratio. p values in bold are significant

Discussion {#sec1-4}
==========

The present study shows that PLR ≥135.6 was associated with LVEF ≤40% on admission in patients with NST-ACS. Why should we determine patients with LVSD in ACS? For a long time, it has been known that not only is ACS related to mortality but also morbidity, especially congestive HF, and when HF occurs together, coronary artery disease have higher rate of mortality.

Platelets play an important role in the progression of atherosclerosis. Some studies showed that platelets interact with endothelial cells and leukocytes and precipitate the release of inflammatory substances that lead to adhesion and transmigration of monocytes ([@ref15], [@ref16]). These monocytes increase the inflammatory processes in the vessel wall, promoting atherosclerotic lesions ([@ref17]). Furthermore, platelets both promote atherogenesis and start its complications ([@ref4]). In addition, inflammation was also shown to inhibit collateral formation, mainly by affecting endothelial function ([@ref18]). Moreover, Alexandrakis et al. ([@ref19]) demonstrated that low-grade inflammation may increase circulating platelet count, which reflects the underlying inflammation and several inflammatory mediators that cause thrombocytosis. Thrombocytosis is commonly associated with coronary artery disease and has been widely reported as a poor prognostic marker ([@ref4]-[@ref6]). Stissing et al. ([@ref20]) reported that patients with pathologically increased platelet counts have an elevated risk of thrombotic complications.

Also, Ommen et al. ([@ref12]) have documented a decrease in the total and relative numbers of circulating lymphocytes during AMI and advanced congestive HF. The primary mechanism behind this is speculative. It has been proposed that in response to physiologic stress during myocardial ischemia/infarction, there is a release of cortisol. High cortisol leads to lymphopenia ([@ref21]). Lazaro et al. ([@ref22]) showed that inflammatory markers are related to functional class and prognosis in stable HF patients, and they concluded that inflammation plays an essential role in HF. Lymphopenia, in view of lymphocyte apoptosis, shows a high inflammatory process ([@ref23]), because lymphopenia occurs due to lymphocyte apoptosis and pro-inflammatory cytokines released due to apoptotic cells in acute situations ([@ref24]). Blum et al. ([@ref25]) reported that lymphopenia and low CD4 count vigorously correlated with low ejection fraction and high myocardial mass destruction.

Therefore, high NLR has been demonstrated as a sign of a high inflammatory process and an independent predictor for LVSD in CAD and HF in recent studies ([@ref12], [@ref26]). Similarly, NLR was higher in patients with LVSD in our study. But, in the multivariate regression analysis, we found that PLR was significant and NLR was not. These findings suggest that PLR was a stronger predictor in LVSD in our study.

Eventually, both thrombocytosis and lymphopenia correlate with the degree of systemic inflammation, and PLR indicates a new marker incorporating both hematologic indices. These possible mechanisms can explain why a higher PLR is independently related with LVSD, while multi-vessel disease is not. The increased inflammatory response appears to be mediated by greater myocardial damage in ACS patients. Therefore, in this study, we have proposed that the inflammatory process, although not directly, may be strongly associated with cardiovascular outcomes.

Similar to previous studies conducted in this area, our patients were significantly older in the high PLR group. To our knowledge, the relationship between age and PLR has not been investigated in the literature so far. However, in our experience, no study has been performed on the relationship between PLR and systolic dysfunction in patients NST-ACS. In the present study, we demonstrated a relationship between systolic dysfunction and mean PLR values.

Study limitations {#sec2-9}
-----------------

This present study has some limitations. Firstly, this was retrospective and based on a relatively small group of patients and was a single-center study. Secondly, the LVEF of patients before their admission to the hospital was not known. Thirdly, PLR values may be relevant in some conditions, such as platelet aggregation and inflammatory markers. In this study, these parameters were not measured. Fourthly, GRACE and TIMI risk scores were not calculated. Finally, coronary blush grade, no reflow, and extent of coronary thrombus parameters were not analyzed in the coronary angiography.

Conclusion {#sec1-5}
==========

A high PLR is a strong and independent predictor for LVSD in patients with NST-ACS. Platelet and lymphocyte count analyses are routine applications and simple and inexpensive methods for evaluating patients with ACS. PLR and clinical findings might be helpful to determine high-risk patients and treatment strategies.
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